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The intake cha rac t e r i s t i c s  of  the  US D-43 and US P-46 suspended- 

sediment samplers were investigated a t  t h e  David Taylor Model Basin i n  

1948. The invest igat fon was confined Lo t h e  e f fec t  of v e r t i c a l  motion 

of a sampler on the  quant i ty  of sanple col lec ted.  Various flow veloci -  

t i e s  were simulated by towing the  samplers through s t i l l  water a t  speeds 

from one t o  twelve f ee t  per second. 

The Model Basin t e s t s  i n  which the  samplers were towed through s t i l l  

water showed the  same intake cha rac t e r i s t i c s  f o r  the  samplers a s  those 

indicated by laboratory t e s t s  fo r  which the  samplers were suspended a t  a 

fixed posit ion i n  flowing \rater .  The data, t h a t  were col lec ted established 

ce r ta in  l imi ta t ions  on the  maximum r a t e  of v e r t i c a l  movement t o  which the  

samplers may be subJected without adversely a f fec t ing  sampling accuracy. 

Because the  factors  t h a t  influence l imi ta t ions  on t he  v e r t i c a l  r a t e s  of 

sampler movement a r e  d i f ferent  f o r  upward and fo r  downward motion, the  

allowable l i m i t s  on upward and downward r a t e s  a r e  d i f f e r en t .  

Limitations i n  t he  re la t ionship  between the  v e r t i c a l  r a t e  of move- 

ment of the sampler and t he  veloci ty  of Plow (stream veloci ty)  a r e  ex- 

pressed as a  f inct ion of the  intake diameter of" the  sampler nozzle and 

the  depth of the  stream. 
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1. Previous tesz--Preliminary to the development of the US series 

of suspended-sediment samplers, the sampling characteristics of intake 

ndzzles  were investigated in the laboratory under various simulated 

stream conditi ons. These studies are described i n  Repor% No. 5, "bbo- 

s a t a r y  Investigations of Suspended-Sediment ~am~lers." In the subse- 

quent development of the samplers, which is discussed in Report No, 6, 

t'pfie Design of Inparoved Types of  Suspended-Sediment Samplers, " nozzle 

intake designs were based on these studies, me Intake characteristics 

of these sampler nozzles have been the sub3ect of other fairly comprehen- 

sive I_aboratory invest$@tisn~, Some laboratory t e s t s  of t h e  sampling 

action of the entire sampler have a l s o  been made, inc lueing the routine 

calibration 0% saqlers, The laboratory investf@;aQ$ons have been con- 

fined, almost exelus%vely, to a determinatl~n of the effect of various 

factorsI such as velocity sf flow and angle of approach, on t h e  sampling 

characteristics of the instrmmt or nozzle,  as indicated by t h e  quantfty 

0% sample collected with the swwler o r  nozzle suspended at a f ixed posi- 

tion In  flowing water, The data. obtained have a definite value in re- 

vealing various sampling features sf the fnstruents but are not equiv- 

alent to da ta  on sampling action under condition6 o f  actual depth 
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i n t e g r s t i ~ ~ n  i n  a  s t ream. 

During t h e  sp r ing  of 1947, an i n v e s t i g a t i o n  of t h e  opera t ion  of t h e  

US P-46 suspended-sediment samplers under r e l a t i v e l y  rough f i e l d  condi-  

t i .ons was conducted i n  t h e  Colorado River  near  t h e  town o f  Grand Canyon: 

Arizona. Although some d a t a  of t h e  most d e s i r a b l e  type  were obtained,  

t h e  scope of t h e  t e s t s  was no t  s u f f i c i e n t  t o  de f ine  completely t h e  b a s i c  

f a c t o r s  t h a t  a f f e c t  t h e  accurcdcy of sampling. These d a t a  a r e  presented 

i n  t h e  progress  r epo r t  e n t i t l e d  "Field Tes ts  on Suspended-Sediment Sam- 

p l e r s ,  Colora.do Rivcr  a t  Bright  Angel Creek near  Grand Canyon, ~ r i z o n a . "  

2 .  Scope of' invest igat ion--The t e s t  d a t a  a v a i l a b l e  on t h e  US D-43 

and US P-46 samplers provided very l i t t l e  information t o  i nd ica t e  t h e  

e f f e c t  of t h e  v e r t i c a l  movement of a  dep th - in t eg ra t ing  sampler on i t s  

sampling c h a r a c t e r i s t i c s .  The information most u r g e n t l y  needed i s  p r e -  

c i s e  da t a  bear ing  on t h e  accuracy of sediment samples c o l l e c t e d  from a  

s t ream under var ious  condi t ions  of v e r t i c a l  movement o f  the  sampler. 

Because s u i t a b l e  condi t ions  were n o t  a v a i l a b l e  t o  i n v e s t i g a t e  t h i s  f a c -  

t o r  d i r e c t l y ,  a  dec is ion  was made t o  approach t h e  problem by a s tudy  o f  

t h e  j-ntake a c t i o n  o f  t h e  samplers a s  shown by t h e  r a t i o  of  t h e  v e l o c i t y  

i n  t h e  in t ake  nozzle  t o  t h a t  i n  t h e  stream. The s tudy  o f  t h e  problem was 

f u r t h e r  s imp l i f i ed  by s u b s t i t u t i n g  t h e  towing of t h e  sampler through s t i l l  

water  f o r  t h e  opera t ion  of t h e  sampler i n  flowing water .  This bras equiv-  

a l e n t  t~ sampling i n  a  s t ream without  tu rbulence  and wi th  a  uniform ve- 

l o c i t y  throughout t h e  depth.  Tests  on t h i s  b a s i s  were run during A p r i l  

and h y  of  1948 i n  an a t tempt  t o  determine t h e  e f f e c t  o f  t h e  v e r t i c a l  

movement o f  t h e  samplers on t h e i r  i n t ake  c h a r a c t e r i s t i c s .  

The o r i g i n a l  p l ans  f o r  t h e  t e s t s  a t  t h e  David Taylor  Model Basin 
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contemplated a r i g i d  suspension for t h e  samplers. The hor izonta l  speed 

of the  samplers was t o  have been i den t i c a l  with t h a t  of  the  ca r r i age  from 

whlch they were suspended, and t he  nozzles were t o  have been hor izon ta l  

and pointing i n  the  d i rec t ion  of t r a v e l  sf the  carr iage  a t  a l l  t imes.  

Achievement o f t h i s  i dea l  condition was found t o  be impossible within t he  

period of time avai lable  fo r  the  invest igat ion.  

The sampling accuracy of an instrument with respect  t o  the  suspended 

sediment col lec ted in  a  sample i s  believed t o  depend mainly on t he  rela-  

t i o n  of t he  ve loc i ty  of flow in  t h e  nozzle t o  t h a t  i n  the  stream. This 

r e l a t i on  may be ca l l ed  t he  intake r a t i o ,  which i s  defined a s  the  mean 

ve loc i ty  i n  the  nozzle divided by t h a t  stream veloci ty  vector t h a t  i s  

coincident t o  t he  extended ax i s  of t h e  intake nozzle. I f  the  sam7ler is  

oriented d i r e c t l y  i n to  the  approaching stream flow, t he  intake r a t t o  i s  

the  r e s u l t  obtained by dividing t he  ve loc i ty  i n  the  nozzle by t he  stream 

ve loc i ty  a t  the  sampling point .  The theory of sampling 2nd data present-  

ed i n  Report No. 5,  indicate  t h a t  the  intake r a t i o  fo r  s a t i s f ac to ry  scm- 

pl ing  should approximate uni ty .  The r a t i o  of un i ty  is  based on t he  theory 

t h a t  t h e  filament of flow enter ing t he  sampler nozzle should ne i t he r  

accelerz te  nor decelerate a t  t h e  point  of entrance. Therefore, t h e  veloc- 

i t y  o f  approach along the  extended ax i s  o f  t he  nozzle would be t h e  i m -  

por tant  stream velocl ty  t o  consider in  determining the  intake r a t i o .  

Departures from a r a t i o  of un i t y  a r e  increas ingly  serious a s  t he  s i z e  of 

the  sediment i n  suspension increases.  Departures *om a r a t i o  of 1.00 

a r e  probably l e s s  serious a t  very low ve loc i t i e s  because sediment p a r t i -  

c l e s  i n  suspension a t  these  ve loc i t i e s  are very small.  

I n  an attempt t o  evaluate the  r e su l t s  of these t e s t s ,  s p e c i f i c a l l y  
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1x1 ,the di.scussion of the d a t a  and i n  t h e  conclusions,  which follow, t h e  

assumption 1.s made t h a t  i f  "cht i n t ake  r a t i o  i s  nea r  1.00, t h e  sampl.ing 

viL1 be s a t i s f a c t o r y .  If t h e  dev ia t ion  from a r a , t i o  o f  1 .00  exceeds LC 

percent r e su$ t s  may not be s a t i s f a c t o r y .  Fo r  reasons n o t  sc?ic"van-l, t o  

Uais sLuc?.y, t h e  sma l l e r  diameter nozz les  (118-in.  ) a r e  made to ope.rate 

~ i . t n  i n t a k e  r a t i o s  s l i g h t l y  above 1 .00  f n  c l e a r  ws te r  such :is that i n  t h e  

Model Basin.  

Temperature a l s o  a f f e c t s  t h e  i n t a k e  rat2.o of  a sampler noz,::lc* I3o.i~- 

everg t h e  range o f  temperatures  during t h e s e  t e s t s  was n o t  suffj .@:icnt t o  

de f ine  any s i g n i f i c a n t  temperature e f f e c t s .  

3 --The f a c i l i t i e s  o f  -l;hra ? i : i ~ ! . J  Taylor 

Model Basin o f  t h e  Department; o f  t h e  Navy were used for %t;h.esc? t e s t s ,  The 

nlain t e s t i n g  channel and towing c a r r i a g e  were u t t l i zec t .  The tes ts  were 

con6ucted by  personnel  o f  t h e  Department o f  t h e  Xavy (R, A ,  ?%ncr am? 

T, ~ i ' b b o n s  a s s i s t e d  by personnel  o f  t h e  U. S. Geological  Survey (w, W. 

Hast ings , 33. C , Colby , and o t h e r s  ) and o f  t h e  Department of t h e  Army 

( R ,  P ,  ~ h r i s t e n s e n )  . 
The r e p o r t  was prepared by Bymon C.  Colby, and w a s  reviewed and 

e d i t e d  by R u s s e l l  P. Chris tensen ,  Wartin E. Nelson, and Paul  C. Benedict .  
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11. E&UIPMENT AND OPER4TING PROCEDURE 

4 .  Equipment--The suspended sediment samplers used i n  t h i s  i n v e s t i -  

g a t i ~ n  were of t h e  D-43 and P-46 types  which a r e  descr ibed  i n  Report No. 

6 .  The P-46s used i n  t h e s e  t e s t s  is i d e n t i c a l  t o  t h e  r e g u l a r  P-46 Sam- 

p l e r  except t h a t  t h e  s imp l i f i ed  va lve  ope ra t ing  mechanism i s  adapted t o  

a  s i n g l e  opera t ion  which may be e i t h e r  opening o r  c l o s i n g  t h e  sampler 

va lve  a t  any submerged depth.  However, t h e  sampling c h a r a c t e r i s t i c s  

would be t h e  same as f o r  any P-46 sampler.  

The sediment sampler t o  be t e s t e d  was suspended from a c a r r i a g e  

which towed t h e  sampler through a  long pool  of s t i l l  water  a t  a  prede-  

termined r a t e  o f  speed.  Water temperatures  ranged from 6 0 . 8 ~  t o  65.49. 

&ring  t h e  t e s t s .  

The mechanical arrangements f o r  suspending t h e  samplers fr3m t h e  

c a r r i a g e  a r e  shown d iag rama t i ca l ly  i n  Fig. 1. The 0 .10- in .  diameter 

suspension cable  was wound on a drum t h e  a x i s  o f  which .ras h o r i z o n t a l  

and a l s o  perpendicular  t o  t h e  d i r e c t i o n  o f  movement o f  t h e  c a r r i a g e .  

Two drum s i z e s  were used.  An 8 - in .  diameter  drum w a s  used f o r  v e r t i c a l  

move:nent of  t h e  sampler up t o  r a t e s  o f  s l i g h t l y  over 1 f t .  p e r  s ec .  A 

20- in .  diameter drum was used f o r  t h e  h ighe r  r a t e s  of v e r t i c a l  movement. 

The cen te r  of t h e  drum was 4.5 f t .  above t h e  water  su r f ace .  The drum 

was <r iven  by a r e v e r s i b l e  e l e c t r i c  motor, whose speed could be v a r i e d .  

Stop watches and 500 cc. graduates  were a v a i l a b l e  t o  determine r e -  

s p e c t i v e l y ,  t h e  l eng th  of sampling t ime and t h e  q u a n t i t y  o f  sample. 

Measuring t a p e s  were a v a i l a b l e  f o r  the  determinat ion o f  depths and d i s -  

t a n c e s .  Storagq b a t t e r i e s ,  wi re ,  and o t h e r  e l e c t r i c a l  supp l i e s  were 
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provided fo r  construction of an e l e c t r i c a l  c i r c u i t  for  the  operation of 

the  P-46s s a q l e r .  

5 e --The D-43 sampler accumulates a sample con- 

t inuously while i n  t r a n s i t  f r o m  the  water surface down t o  the  desired 

depth and back t o  t he  surface again, thus  requir ing a reversa l  of d i rec -  

t i o n  of v e r t i c a l  t r a v e l  during t he  time of sampling. This reversa l  was 

accomplished by allowing the  e n t i r e  amount of cable on the drum t o  un- 

wind, then, a s  the  point  of attachment o f  t he  cable on the  drum contin-  

ued t o  r o t a t e ,  the cable vas rewound on the  d m .  The di rec t ion  of ro -  

t a t i on  of t he  drum continued unchanged, and the  speed of the  drum var ied 

only s l i g h t l y  during t he  sampling operation. A t  t imes there  seemed t o  be 

a very small difference i n  the  r a t e  a t  which the  sampler descended and 

ascended. This difference was much too  small t o  be measured def in i t e ly ,  

and ce r t a i n ly  too minute t o  a f f e c t  the  r e s u l t s  o f  t he  t e s t s .  ?-he rever-  

sal of d i rect ion of t r a n s i t  was very smooth and t he  reversa l  occurred i n  

a r e l a t i ve ly  shor t  period of time. \hen  the  sampler was suspended d i -  

r e c t l y  from the  drum, the  sampling depth depended on t h e  length of cable 

at tached t o  the  drum. The i d l e r  pulleys P and P1 were used i n  order t o  

adjust; more read i ly  fo r  many of the shallower sampling depths. The sam- 

pling depth could be changed e a s i l y  by moving t he  i d l e r  pul ley  P backward 

o r  forward. However, t he  pr inciple  of t h e  reversa l  remained the  same. 

One feature of t h e  d i r ec t  suspension should be noted. Whenever t he  

t r a n s i t  d i rec t ion reversed during sampling, t he  point  of suspension of 

t he  szrnpler was displaced l a t e r a l l y  by an amount equal t o  the  diameter 

of the  the. Also, t he  t r a n s i t  rate, o r  r a t e  of loweriag and r a i s i ng  t h e  

sampler, was governed d i r e c t l y  by the  speed o f  the  drum except f o r  about 



one q,zn.aster t u r n  of the  d m  p r i o r  t o ,  and one quar te r  tu rn  subsequent 

%;a a. reversal of the  trans1.t d i rec t ion .  

1 x 1  t he  mechanical arrangement f o r  handling the  P-46s sampler, enough 

czih'ee i.m%s used on t h e  d m  t o  allow the  sampler t o  be lowered t o  depths 

greater than any sampling depth included i n  t h e  t e s t s .  A reference mark 

was set  on t h e  carr iage  4.0 ft. above t h e  water surface and adjacent  t o  

the suspension cable .  The desired depths were indicated by se t t i .ng  a t a g  

on the suspension cable a t  a d is tance ,  measured from the  cen te r l ine  of  

the  sampler nozzle, ~hrhich was equal t o  t h e  des i red  depth p lus  4.0 f t .  

During downward in tegra t ion ,  samples were co l l ec ted  from the  time the 

nozzle entered t h e  water u n t i l  the  t a g  on t h e  cable descended t o  the 

elevation of t h e  reference mark. F3r uptrard in tegra t ion ,  the  sampler 

was E iss t lowered  t o  a point  be1ar.1 the  des i red  depth. Then, the  d i rec -  

L i o n  of v e r t i c a l  movement w a s  reversed. Sampling was begun when the  t a g  

on the @able passed the  reference mark and continued u n t i l  the  nozzle 

eazaerged from t h e  water. 

%he e l e c t r i c a l  c i r c u i t  used t o  operate t h e  valve of the  P-46s sam- 

p l e r  vas the  same a s  t h a t  f o r  normal sampler operat ion.  The suspension 

cable had an insula ted  center-core conductor wire. The e l e c t r i c a l  

c i r c u i t  was made from one b a t t e r y  terminal ,  through a stritch, t o  a 

c3muta to r  on t h e  suspension d m .  This commutator was connected t o  

the  t n s u ~ a t e d  center  core of the  suspension cable,  which, in  tu rn ,  was 

connected t o  the binding post  on the  head of  t h e  sampler. The re turn  

c l . r c u i t  was completed from the  sampler body through t h e  hanger bar  and 

outer p a r t  of t h e  suspension cable t o  t h e  drwn and drum frame, and then 

back t o  the  o the r  terminal  of the  ba t t e ry .  



6 ,  --Both the  D-43 

and the  P-46s samplers towed s t e ad i l y  and without weaving during t he  

t e s t s  ., 

The D-43 sampler seewed t o  have a s l i g h t  tendency t o  L i l t  upward 

when being ra ised and t o  nose downward when being lowered through the  wa- 

t e r .  Under the  conditions of these  t e s t s ,  the  tilt of the  D-43 sampler 

probably never exceeded 5 degs.,  and seldom approached t h a t  f igure .  The 

same amount of tilt applied t o  t he  P-46s when descending. However, when 

the  P-46s sani-pler was ra ised it tended t o  tilt upward a t  angles a s  g rea t  

a s  20 degs. Probably the  upward angle o f  tilt never exceeded t he  angle 

06 the  r e su l t an t  veloci ty  formed by the  hor izon ta l  and v e r t i c a l  movement 

of the  sampler. When the  sampler is submerged water en te r s  the  com- 

pression chamber making the  sampler tai l-heavy,  and a s  the  samples t a i l  

t i l t s  downward the  enclosed water s h i f t s  t ~ w a r d  the  r ea r  o f  t he  com- 

pression chamber fu r the r  increasing the  tilt. Presumably, the  tilt would 

be g r ea t e r  when the  sampler i s  being ra i sed  from considerable depths than 

from shallow depths. Bowever, t he  shape of the  compression chamber i n -  

d icates  t h a t  after t he  chamber i s  about hal f  fill any addi t ional  water 

w i l l  cause a rapidly diminishing tendency t ~ w a r d  ta i l -heavy t i l t i n g .  

7 .  Observed d a k - T h e  carr iage  ve loc i ty  was observed in  knots and 

is  probably accurate t o  about 0.02 ft. per  sec .  This veloci ty  corre-  

sponds t o  the  stream veloci ty  in  ordinary sampling procedure. The t e s t  

runs a r e  d i r e c t l y  comparable t o  measurements i n  a stream in  which the re  

i s  na turbulence and i n  which the  ve loc i ty  is the  same a t  a l l  depths. 

Observed s a w l i n g  depths were based on lengths of suspension cable 

and a r e  believed t o  be accurate t o  0 . 1  f t .  



'RIP time dur ing  which sampling continued was measured with a s top-  

V Y L L : ~ ~  by 8x1 o b s e r v ~ r  who s t a r t e d  t h e  watch when t h e  nozzle of t h e  sampler 

c~ritcrork t h e  w n t e r  and stopped t h e  watch when t h e  nozzle emerged; o r  when 

sanipllng was started o r  stopped by t h e  valve on t h e  P-46S, t h e  i n s t a n t  

s t  rrhieh t h e  ac tua t ing  switch was depressed was used f o r  simultaneously 

stak"i,,ing or stopping the  watch. The e r r o r  i n  t h e  observed time i s  prob- 

sbly about O , l  see. a t  each end of  t h e  sampling period.  An e r r o r  of 

0,3 sec. i n  the  observed time i s  poss ib le ,  but  t h e  e r r o r  i s  bel ieved t o  

be genera l ly  less than t h a t  amount. 

The volume of sample co l l ec ted  was obtained by measuring t h e  water 

e a q h e  in a 500 ce.  graduate. These observations probably a r e  accura te  

t n  wlthin  3 cc,  

The observed data  f o r  each sample, together  with computations, a r e  

presented i n  lkb les  1 t o  4 i n  t h e  Appendix. 



E I I .  mWTMm% OF DATA 

--The following discussion of computation 

methods i s  based on the  order of presentat ion of data  i n  the  Tables+ 

Observed hor3.zontal veloci ty  of the  carr iage  i n  knots was converted 

Lo ft .  per  see .  by multiplying by 1.689 on t he  ba s i s  of 6080.2 Pt .  per  

naut l c a l  mile . 
The d r i f t  of the  s a q l e r  i s  the  ne t  longi tudinal  change of posi t ion 

of the  sa.mples with respect  -to the  posi t ion of the  carr iage  during t he  

sampling Lime, therefore it is  the  correction t o  apply t o  the  t r a v e l  o f  

the  towing carr iage  t o  obtain the longitudinal  movement of the  sampler 

during t he  sampling "r;ime, m e  d r i f t  was computed i n  f e e t  and the  r a t e  

of d r i f t  was obtained by dividing the  d r i f t  i n  f e e t  by the  sampling 

time in  seconds* 

For the  D-43 sampler the  d r i f t  was determined from observations It3 

inches a s  follows: When the  sampler f i rst  entered the water, it was 

hanging ahnost d i r e c t l y  under the point  of suspension on the  drum. When 

the sampler war% kPe~n0~ed from the  water a t  the  end of a sample run, it 

emerged a t  a  point  s l i g h t l y  "downstream" o r  back of a v e r t i c a l  projected 

downward from the  suspensfon point .  For t h i s  reason, the  D-43 sampler 

did not t r a v e l  qu i te  a s  f a r  during the sampling time a s  did the  point  

from which i% was suspended. Arbi t rary  t r a v e l  correct ions  of 8 i n .  fo r  

a carr iage  ve loc i ty  of 9 $L. per  sec . ,  4 i n .  fo r  6 ft. per sec . ,  and I 

i n .  fo r  3 f t .  per see .  were made. Except fo r  low t r a n s i t  r a t e s  ( r a t e s  of 

movement of the  saanp1er i n  an approximately vert ical .  d i rec t ion)  f o r  which 

a guide publey PI ( r i g ,  1) was used, add i t iona l  t r a v e l  corrections were 
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~ b q u f r e d ] .  A t  t r a n s i t  r a t e s  g r e a t e r  than about  1.0 f t .  per  s ec . ,  t h e  

::i:speai;jon cable f o r  the  D-43 sampler had no guide p u l l e y  and t h e  cable  

r~vawsznr~il from one a i d e  o f  a 20- in .  drum and rewound on t h e  o the r  s l d e .  

C:orise~yuen.k;ly, durl.ng t h e  s a q ~ l i n g  t ime t h e  p o i n t  of  suspensian of  t h e  

sampler moved e i t h e r  forward o r  backward 20 i n .  wi th  r e spec t  t o  t h e  move- 

ment of' the c a r r i a g e ,  An advance o f  20 i n .  is ind ica t ed  by a (+) s ign  

and a l ag  of 20 i n .  i s  ind ica t ed  by a ( - )  s ign  before  t h e  sampling depth.  

'1.%us, the  d r i f t ?  o r  co r r ec t ion  t o  c a r r i a g e  t r a v e l  f o r  t h e  D-43 sampler, 

a d j u s t s  f o r  t h e  combined e f f e c t  of  a mechanical change i n  t h e  p o s i t i o n  

sf t h e  suspension p o i n t  and t h e  backward drag  t h a t  r e s u l t s  from t h e  r e -  

s is tance  0% t h e  water  t o  t h e  movement o f  t h e  sampling equipment. 

The above c o r r e c t i o n s  do n o t  t ake  i n t o  account t h e  f a c t  t h a t  t h e  

ac-klaaX ~ Z o c i t y  p a s t  t h e  sampler nozz le ,  e s p e c i a l l y  a t  h igher  h o r i z o n t a l  

vehocitZes, w a s  l e s s  t han  t h e  average during i n t e g r a t i o n  downward and 

greater %ban t h e  average dur ing  i n t e g r a t i o n  upward. This d i f f e r ence  r e -  

sults from the backward drag of t h e  sampler as it was lowered and t h e  

fo:fidarrd movement o f  t h e  sampler a s  it was r a i s e d  through t h e  water .  A l -  

as, at the  Lime of  r e v e r s a l  o f  t h e  v e r t i c a l  movement of t h e  sampler, ve- 

l o c i t i e s  p a s t  t h e  nozzle  were abnormally f a s t  o r  slow depending upon 

wkaether the  po in t  o f  suspension mved  forward 20 i n .  o r  backward 20 i n ,  

with r e spec t  Lo t h e  movement o f  t h e  c a r r i a g e .  

The d r i f t  conputat ions f o r  t h e  P-46s sampler d i d  n o t  involve any 

change in suspension p o i n t  and were made on t h e  b a s i s  o f  t h e  observed 

ba.ckward d r i R  of .the sampler a s  it was lowered from t h e  water  su r f ace  

ko a depth o$ 15 f t .  while  t h e  ca r r i age  was moving a t  a r a t e  of 12 ft. 

per sec a and on t h e  forward movement o f  t h e  sampler while  it was being 



ra i sed  back  Lo the surface a t  the  same carr iage  speed. !The backward 

drift, vhi le  lowering, was observed a s  9 ft.; and the  fornard movement, 

while ra i s ing ,  was observed as 7 f%, Corsectiows f o r  other conditions 

were computed o r  interpolated on the  bas i s  of very meager da ta .  I n  com- 

parison with data from other  sources and according t o  the p l o t t i n g  of the 

f igures  i n  t h i s  repor t ,  these corrections appear s l i g h t l y  too l a rge ,  b u t  

the  magnitude of the  corsections is such t h a t  any revisions t h a t  might be 
6 

made would not a l t e r  the  conclusions based on these data ,  

The addusted hor izonta l  ve loc i ty  of the sampler was obtained by 

applying t he  d r i n  correction i n  f t .  per  see .  t o  the  observed carr iage  

ve loc i ly  i n  Ft;. per sec .  

Because observed depths were based on lengths of suspension l i n e ,  

and +&be res is tance  o f  the  water t o  t he  passage of the  sampling equipment 

caused a deflect ion of the  l i n e  Prom the  v e r t i c a l ,  the  observed depths 

required c s r ~ e ~ t i o n .  Corrections were computed i n  f e e t  on the  basis  of 

data I n  the Geological Survey booklet e n t i t l e d  " ~ e t h o d  fo r  Correcting 

Soundings of  Deep Swift Rivers." The t o t a l  wet and dry l i n e  corredtions 

were entered i n  t h e  t ab l e s  as a s ing le  depth correction.  Dry l i n e  cor-  

r ec t ions  md t o t a l  correct ions  t o  depth, a l s o  corrections t o  hor izonta l  

veloci ty ,  would have been much grea te r  for  the Bane ve loc i t i e s  i f  the  

samplers had been suspended froan a point  higher above the  water surface.  

The adgusted sampling depth i n  f e e t  was computed by applying t he  depth 

correct ion i n  f e e t  t o  the observed depth, and represents the  v e r t i c a l  

distance the sampler nozzle was submerged. 

The observed l i n e a r  t r a n s i t  r a t e  sf the  sampler was obtained by d i -  

viding Lhe observed sampling depth by the  sampling time f o r  each sample. 



Section 8 2 1 

t 

The designation "li.neari' i s  used t o  con t ras t  t h e  dimensional d is tance  

dlv ided by time r e l a t i o n  with dimensionless " re la t ive"  r a t e s  which a r e  

ra t las  between veZocit ies  of sampler movement. 

The adgusted l i n e a r  t r a n s i t  r a t e  of the  sampler was computed a s  an 

average f igure  by d iv id ing t h e  adjus ted  depth by t h e  average samgling 

time f o r  a  group of  samples. (1n t h i s  repor t  t r a n s i t  r a t e  r e f e r s  t o  the  

v e r t i c a l ,  o r  approximately v e r t i c a l ,  v e l o c i t y  of  the  sampler. Adjusted 

t r a n s i t  r a t e s  a r e  based on t h e  adjus ted ,  o r  v e r t i c a l  depth, and so rep- 

resent  the  ve loc i ty  of  the  sampler i n  a  v e r t i c a l  d i r e c t i ~ n  on ly . )  

The apparent r e l a t i v e  t r a n s i t  r a t e  was determined by d iv id ing t h e  

average observed l i n e a r  t r a n s i t  r a t e  f o r  a  group o f  samples by t h e  ob- 

served ca r r i age  ve loc i ty  i n  f t .  pe r  sec .  

The adjusted r e l a t i v e  t r a n s i t  r a t e  was obtained by d iv id ing t h e  ad- 

Justed l i n e a r  t r a n s i t  r a t e  by t h e  average adjus ted  hor izon ta l  v e l o c i t y  of  

the sampler. The adjus ted  r e l a t i v e  t r a n s i t  r a t e  is t h e  r a t i o  of the  ver-  

L l c a l  t o  the  hor izon ta l  v e l o c i t y  of t h e  sampler. 

Rate s f  s m p l e  co l l ec t ion  was determined by d iv id ing t h e  t o t a l  

measured sample volume i n  cubic centimeters  by t h e  corresponding sam- 

p l i n g  time i n  seconds. 

1:be in take  ve loc i ty  i s  the  mean v e l o c i t y  o f  flow through t h e  nozzle 

o f  t he  sampler during t h e  period of  sampling. It was computed by mul t i -  

plying "che r a t e  o f  sampling by t h e  f ac to r  0.18417 f o r  the  3/16-in. nozzle 

and by 0.41438 f o r  the  1/8-in.  nozzle.  m e s e  fac to r s  were derived by 

converting one cc .  per  sec.  i n t o  cu. ft. per s e c . ,  then d iv id ing by t h e  

i n t e r n a l  c ross-sec t ional  a r e a  o f  t h e  nozzles i n  sq .  ft. 

The apparent in take  r a t i o  was found by d iv id ing t h e  in take  ve loc i ty  



by the  observed ve loc i ty  of the  carr iage  i n  %Y;. per  see . ;  and s imi la r ly ,  

the adJusted intake r a t i o  was computed by dividing the  intake ve loc i t y  

by the  adjusted har lzon ta l  ve loc i ty  of' %be sampler. 

9 0 
-A few per t inen t  items should be csnsid- 

ered before the  data from the  invest igat ion a r e  studied in  d e t a i l .  

me intake r a t i o  for  upward in tegrat ion has been computed on the  

bas i s  of  the hor izonta l  veloci ty  of the  sampler a s  it was towed through 

the water. 'This treatment would be unquestionably correct  i f  the  sampler 

remained hor izonta l  during upward t r a n s i t .  However, the  sampler was found 

t o  tilt upward when being ra ised,  as previously discussed i n  Section 6. 

If the  sampler a c tua l l y  oriented d i r e c t l y  an t he  resu l t an t  ve loc i ty ,  com- 

posed of both hor izonta l  and v e r t i c a l  components sf the  sampler movement, 

then the  resultan"edoc°,-Lty approaching the  sampler along the  ax i s  o f  the  

intake nozzle would determine the  correct  d iv i sor  f o r  the t r u e  intake 

r a t i o .  The intake r a t i o s  tabulated fo r  upward in tegrat ion with t h e  P-46s 

would then be subJect t o  t h e  following correct ions:  

Relat ive t r a n s i t  rates Reduct ion i n  tabulated intake r a t i o s  
Percent 

m e  tabula%ed correct ions  would be delemined by the  r e l a t i ve  t r a n s i t  
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ro , tes  as long as t h e  sampler pointed d i r e c t l y  a long  t h e  r e s u l t a n t  of  t h e  

kiorl.zon.tril and " v e r t i c a l  components of t h e  sampler movement. Ho~wever , t h e  

*ua,x:kmum ang l e  o f  t h e  sampler probably never  exceeded 20 degs. The r e l -  

aJr,ive t r a n s i t  r a t e  corresponding t o  20 degs.  i s  0 .36 and t h e  ind ica t ed  

reduct ion i n  t h e  t abu la t ed  in t ake  r a t i o s  i s  about 6 pe rcen t .  

The angle  a t  which t h e  P-46s sampler t i l t e d  whi le  being operated 

upward was n o t  adequate ly  determined t o  e s t a b l i s h  p r e c i s e  co r r ec t ions ,  

and,  consequent ly,  t he  r a t i o s  based on t h e  h o r i z o n t a l  movement o f  t h e  

samplers have been shown throughout t h i s  r e p o r t .  I n  any case the  co r -  

r ec t ion  f o r  t h e  upward angle  of  t h e  sampler would no t  be g r e a t  f o r  t h e  

1-18-in. nozz le  except  where t h e  in t ake  r a t i o  was a l r e a d y  u n s a t i s f a c t o r y  

'bec81xoe of excess ive  t r a n s i t  r a t e s .  Bowever, da.ta such as those  shown 

fo r  t h e  3 / ~ 6 - i n .  nozzle  on F ig .  2 B, would be s e r i o u s l y  a f f e c t e d  by co r -  

reetJ  ons for t-i.L"r;durfn@; upward movement. The apparent  al.1owabl.e maximum 

"Lrans:%t ra'r,,e for zap+rard i n t e g r a t i o n  wi th  t h e  3/:16-in. nozzle  has been re- 

educed, soauaeGhal because o f  t h e  probable need f o r  these c o r r e c t i o n s .  

There is a def in i te  theore t ica l .  l i m i t a t i o n  on t h e  r a t e  a t  which a 

sa - r l e r  ~1.ag be ].owered through a  stream without  adverse ly  a f f e c t i n g  t h e  

in take  c h a r a c t e r i n t i e s  o f  t h e  instrument .  The t h e o r e t i c a l  l i m i t s  on r e l -  

ative t r a n s i t  s a t e s  f o r  a sampler being opera ted  downward a r e  0.39 f o r  

the 3/16-in.  nozz le  and 0.17 Par t he  118-in.  nozz l e .  These l i m i t s  a r e  

based on the rake of compression of t h e  a i r  i n  t h e  one-pint sample b o t t l e  

as the sampler i s  opera ted  downward j u s t  beneath t h e  sur face  of t h e  water  

2'P~c t h e n r e t i c a l  I i m f t s  on downblard t r a n s i t  r a t e s  va ry  wi th  depth.  A s  

dep tb - in t eg ra t ion  i s  c a r r i e d  from t h e  su r f ace  t o  g r e a t e r  depths,  t h e  r e l -  

a t i v e  .%;ra.nsrlt r a t e  based on t h e  horizontal .  v e l o c i t y  a t  t h e  p o i n t  of  



s a ~ ~ b i n g  m y  be rapidby increased without increael.ng t he  in take r a t i o .  

For exanlple, when a saxna~ler with a 3/l6-ln,  nozzle bas in tegrated down Lo 

a depth of' 10 fL,, a reI.a$ive t r a n s i t  r a t e  of 0-65 would not cause an ex- 

cessive i n t ake  m$is, By t h e  t i n e  t h e  sampler reached a depth of 20 f i e ,  

the r e l a t i ve  t r a n s i t  r a t e  would have t o  exceed 0.97 before t h e  in take 

r a t i o  would be adversely affected.  For proper sampling, t he  rate  of low- 

e r ing  should r e m i n  constant, Bence, t h e  r e l a t i v e  downward t r a n s f t  rate 

i s  generally l imited by t h e  allowable r e l a t i v e  "caanf9; r a t e  a t  t h e  water 

surface,  m e s e  t heo re t i c a l  l imi t ing  lowering r a t e s  may be read i ly  deriv- 

ed from t h e  simple appl icat ion of Boyle's law. A more formal treatment 

of these  lirnlta may be found i n  Report No. 6,  

Except Pos very shallow streams t h e  theore t ica l  l i m i t  f o r  in tegra -  

%$.on near the water surface may be exceeded s l i g h t l y  without involving 

appreciable discrepancies i n  the s i z e  of t h e  sample* This i s  t r u e  be- 

cause t h e  in take r a t i o  i s  too high f a r  only a very small f rac t ion  of t h e  

t o t a l  inLegmted depth. 

B e  effect of t h e  angle a t  which t h e  flow approaches an in take noz- 

zle might be expected t o  impose cer ta in  l i m i t s  on t h e  allowable r e l a t i v e  

tagansit r a t e s  f o r  sampler operation. Tests included i n  Report No. 5 and 

presented again in Report No, 6 (pig ,  3 )  ind ica te  t h a t  t h e  angle a t  which 

t h e  flow amroaches an i so la ted  standard in take nozzle has l i t t l e  e f f ec t  

on the  accmaey of sampling f o r  angles less than 30 degs., but t h e  t e s t s  

I q l y  t h a t  t h e  effect  of t h e  angle of approach m y  star% t o  appear at  38 

degs. Bowever, t h e  effect  of t h e  angle a t  whish t he  flow approaches t h e  

nozzle may be diff,aren-t, when t h e  nozzle i s  mounted i n  a sampler which is 

n s h n t i r e l y  spmetaaieal. 
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v e r t i c a l  veloci ty  curve in  a  stream, t h i s  l imi ta t ion  would be most r e -  

s t r i c t i v e  i n  the  zone sf l e a s t  veloci ty ,  t h a t  is a t  the  bottom of the  

stream, Moreaver, f ~ r  a  normal veloci ty  d i s t r ibu t ion  t h i s  l imi ta t ion  

on t he  upward t r a n s i t  r a t e  would define a  much lower allowable r e l a t i v e  

t r a n s i t  r a t e  than t ha t  determined on the bas i s  of  the  allowable downward 

t r a n s i t  r a t e ,  

In t h i s  connectFon it should be remembered t h a t  " re la t ive  t r a n s i t  

r a t e "  a s  used in  t h i s  invest igat ion denotes t h e  r a t i o  of the v e r t i c a l  

movement of the  sampler t o  the  hor izonta l  movement of the  sampler, which 

i n  stream sampling procedure corresponds t o  t he  r a t i o  ~f the  v e r t i c a l  

movement of the  sampler t o  the stream ve loc i ty .  This is the  bas ic  r e l a -  

t i o n  using the  ve loc i ty  a t  the  sampling point  a s  the  reference and should 

not be confbsed wfth s imi la r  concepLs in  o ther  publicat ions which r e l a t e  

a  t r a n s i t  r a t e  t o  the  mean ve loc i ty  i n  an assumed stream v e r t i c a l .  

--This discussion t r i l l  be based upon 

the  plot ted  data a s  shot.r%~ i n  Figs .  2 t o  6. A l l  data p lot ted  a r e  the 

average adgusted values from Tables 1 t o  4. 

A ,  Relative t r a n s i t  rate--Fig.  2 A shows the  relat ion,between 

the  intake r a t i o  and t he  r e l a t i ve  downward t r a n s i t  r a t e  of the  P-46s 

sampler. 'The curves break t o  the  r i gh t  a t  t he  higher r e l a t i ve  t r a n s i t  

r a t e s ,  because the  r a t e  of  compression of the  a i r  i n  the  sample b o t t l e  

reduces the  Volume of the  a i r  more rapidly  than the  normal f i l l i n g  r a t e  

would f i l l  t h e  b o t t l e .  This r e su l t s  i n  an accelera ted f i l l i n g  r a t e .  It 

i s  possible t o  compute the  r a t e  a t  which the  volume of a i r  i n  the  sample 

b a t t l e  w i l l  be red~.t.c.?d by the  increase i n  pressure a s  -;;he s e l ~ ~ p l e r  i s  lov- 

ered.  A curve showing the  r e l a t i on  of intake r a t i o  t o  r e l a t i ve  t r a n s i t  



i "r i: i ~ >  'rli i I-(. i y 3~1 the theore-k ica % compression of t h e  a i P i n  t h e  same 

,i ',(,' : if -, ::c~cn s,ho~s~rra f o r  each s i z e  of nozz le .  T h i s  r a t e  corresponds 

o ,c : j c r !  l,t I,*?- :?c~:LI:L'?- f l l E i n g  sate a t  r e l a t i v e  t r a n s  it, r a t e s  above " c h e  

' , t t ~ l i  In $he curvc,  4t the higher nozzle  v e l o c i t i e s  t h e  f i l l i n g  r a t e  

i , :* i  :,ltl~&t ley below the computed v a l u e ,  'This l a g  is  more pronounced f o r  

9 -  -in. t h r i i l  f o r  t h c  3/16-ine nozz le .  According tc, equat ions 5 and 

5 0: tlpporL M:), 6, the break i n  t h e  curve begins a t  a  r e l a t i v e  t r a n s i t  

r:_itca 1)aYJ. 39 for a 3/1b-ln. and 0 .L7 f o r  a I /@-in.  nozzle ,  provided t h e  

inL;iki\ ta%iu 1s essentially u n i t y  a t  t h e  lcmes t r a n s i t  r a t e s .  For  i n t e -  

~:\":l% i rm of thaLla1~7 d e p t h s ,  t h l s  break i s  very ab rup t .  For g r e a t e r  depths ,  

%LIP breluk j:, mmos-e ros~ncled. In a  s t ream, the c h a r a c t e r i s t i c s  o f  t h e  bre3k 

ili tnl- C L I ~ ~ C ~  110141d depenct somcwhat on t h e  shape o f  the  v e r t i c a l  v e l o c i t y  

< LIT </L? * 

g o  i3 4 y h c ~ ~ ~ s  t h a t  rela"l;ive Jotranward "cansit r a t e s  g r e a t e r  than 

( 1  J 1 k 4  r , r id  CI JO t,nouid not  be lased wi th  t h e  3 /16- ina  and t h e  1/C-in.  noz- 

i I -,( r .'\:,u t "Ii>l.y. The al lowable transit r a t e  rnlght be s l i g h t l y  l e s s  

? r~c , iy ; '~  a in19 01' ~ r 6 , r y  shdllow depths ,  In t h e  po r t ion  of the curve 

k 7 i ~ ~ ~ " g - r  G ~ I C  b-y.rak ~ T ) C - C U X X ~  the p l o t t e d  intake r a t i o s  are average va lues  ob- 

),a 1 ne.ii Tn)m ~c%m,pkeb for whi c&b t h e  intake r a t j o s  probably v a r i e d ,  DurLLng 

%)tiT :,: r-ripj Irig C Imr thr knntalce r a t i o  nea r  t h e  surface o f  the  stream may 

' idvc i)c,,n h ighe r  than  the  mean f o r  the e n t i r e  depth of i n t e g r a t i o n .  

?- i c l ti;, 2 W s-;hc>trr: t h e  r e l a t i o n  betwean t h e  in t ake  r a t i o  and t h e  r e l -  

,2:, r ' ap1~2;~d ia,r"orasl"I; r u t c  o f  the P-616s A comparison o f  the a l lovdb le  

LY,, (1:; it r4t"i's for upward i n t e g r a t  l on with t hose  for downward integra-t  ion 

~ , i l ~ t l r ;  that i"tar t h e  '3/16-in. nozzle  t h e  a l lowable  r a t e  f o r  uptiard f n t e -  

gtacia3r1 ir, i c ss  khan f o r  downward i n t e g r a t i o n ,  and tha,t f o r  t h e  1 /8- in .  
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nozz le  t h e  r e v e r s e  i s  t r u e ,  On t h e  b a s f s  of P i g .  2 A and t h e  upward tilt 

of t h e  P-46s it was decided t h a t  r e l a t i v e  upward t r a n s i t  r a t e s  should be 

l i m l t e d  to 0.35 f o r  t h e  3 / ~ 6 - i n ,  nozz le  and 0.30 f o r  t h e  1/8-in. nozz le .  

The break i n  t h e  curve f o r  upward i n t e g r a t i o n  i s  i x a  t h e  oppos i te  d i r e c -  

t i o n  from t h a t  f o r  downward i n t e g r a t i o n ,  

The break i n  t h e  curves of F i g .  2 B i s  no t  as w e l l  def ined,  and t he  

cause of t h e  break i s  not  a s  obvious as i n  t h e  case  of  t h e  downward t r a n s -  

1.t of F ig .  2 A ,  A t  l e a s t  t h r e e  f a c t o r s  may t end  t o  reduce t h e  sampling 

r a t e .  F i r s t ,  t h e  r a t e  a t  which t h e  sampler i s  r a i s e d  w i l l  govern t h e  

r a t e  a t  which t h e  volume of a i r  i n  t h e  sample b o t t l e  expands. The ex- 

panding a i r  must escape through t h e  a i r  exhaust ,  Tke g r e a t e r  r e s i s t a n c e  

to t h e  d ischarge  of  t h i s  a i r  a t  t h e  h ighe r  r e l a t i v e  "cans i t  r a t e s  Day 

poss ib ly  cause a decrease from t h e  normal sampling ra"ce. However, t h i s  

i s  n o t  thought  t o  be a major f a c t o r .  Second, under t h e  condi t ions  of 

F ig ,  2 B, t h e  P-46s t i l t s  upward. A t  low h o r i z o n t a l  veZocl t ies  t h e r e  i s  

some tendency f o r  t h e  water  t o  e n t e r  t h e  a i r  exhaust and f o r  t h e  a i r  t o  

d ischarge  Prom t h e  p o i n t  of  t h e  i n t a k e  nozz l e  which i s  a t  a  h igher  e l e -  

vai;i.on. This i s  probably  no t  an  important f a c t o r  i n  t h e  reduct ion  of  

t h e  i n t a k e  r a t i o .  Third, t h e r e  i s  a l s o  t h e  e f f e c t  of  t h e  angle  a t  which 

t h e  sampler p o i n t s  i n t o  t h e  approaching water  v e l o c i t y .  For  sma l l  devia-  

t i o n s  from n o m l  t h e  e f f e c t  i s  small; however, d a t a  de,termined i n  t e s t s  

of a sampler h e l d  a t  an ang le  i n  flowing water  i nd ica t ed  t h a t  f o r  upward 

i n t e g r a t i o n  t h e  maximum al lowable r e l a t i v e  t r a n s i t  r a t e  should no t  exceed 

0.35, equiva len t  t o  20' i n  F i g .  42 sf Report 80, 6.. 

The curves o f  F ig .  2 I3 are not  w e l l  def ined  above t h e  p o i n t  of t h e  

break,  The p o i n t s  which p l o t t e d  t o  t h e  r i g h t  of t h e  curves above t h e  
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I 

I I i.;ijc! ~ ' F ~ s z I . ~  t:; o f  ~ 3 ~ b s e ~ ~ a t L o n s  of one crew a t  one time, those 

vli ich p'i.ott,etl i o  the  left were observatl .ons of another  crew a t  

236: :;co,LLering of t h e  hlgh paBnts may i n d i c a t e  t h a t  oper-  

i ~ l , > r :  ti.0~1:: for  these hip$ r e l a t i v e  t r a n s i t  r a t e s  were r a t h e r  un- 

l L , j k  , 

> % 
1 if.r s ;' C shows t,he relat ioai  between t h e  in t ake  r a t i o  and t h e  r e l -  

, i -? iz ; i t  ~ a t i .  fo r  t hc  D-43 s a q l e r .  Each sample w a s  accumulated 

' I  f 6 ' 1 ~ ~ ; ~ i i i i l  f b n ~ h  (11 r r c t i n n ~  of v ~ s t i c a l .  t r a v e l .  That i s ,  each sample b r a s  

a otnp)c,L 1 :,- :>l" both a do%raward sample and an uptrard sample. il compari- 

, < X I  ~ J I  TJI 'i,j'c' i' 1~6~ f i h o ~ s  t h a t  %he curve f o r  the D-43 i s  very much l i k e  

I ( : I  1 nnx, LC:I~ L )  r the  uu~.rarcl and downtrard curves f o r  t h e  P - ~ L ~ s .  Because 

i 1 1 1  ii !\/<I "(1 " i t 1  i ~ ~ y ? t i o n ~  curves of P-46s inc l ined  t o  t he  l e f t  and t he  

4;8,-r, i s t,he a-ight a t  about  the same r e l a t i v e  t r a n s i t  r:l"cs, 2 

I 1 1 ' ,  1 , a  1 ;, '1 3 '  ,sf ~ S I -  ~ T J O  t ~ n d ~ ,  t o  balance.  T ~ c  r e s u l t  i s  tEi:it the D-43 

r ,  i l m *  ? ?axpa ing ~ a t . i o  up t,o r e l a t i v e  t r a n s i t  r a t e s  o f  about  

i 8  i i i i l  t i i  L I T ' :  + t l  :tuc! up "L about  0.3 f o r  t h e  1/8-in.  nozz le .  

7 l,nr 0-43 sampler t h e  sampling r a t l o  r e m a i n s n o r m u l u p  

I (~i:)~) i r >nslt r a t e s ,  Lt i s  undoubtrdby t r u e  t h a t  f o r  some o f  

J i ~ ? r r r , i i  r a t e s  the o v e r - a l l  i n h k e  r a t i o  i s  made up o f  a h i &  

I I I 1 ,  'kc TI t i o  and o %OW upward in t ake  r a t i o .  Under s i m i l a r  con- 

'1 i iiii)~ik, i a i  rai?t inc ~ n m p l l n g  the por t ion  of szmple taken on t h e  downward 

c, ~3 I c i.xx g. : s j v f i  I E  -;rohume and d e f i c i e n t i n  sediment concent ra t ion .  

i ' i):~+~ 3 S 1 ~ ~ f ,  tbt- ~ - o T ~ ~ c ) ^ c \  taken on $he upward t r i p  would be d e f i c i e n t  i n  

' t i  i l~lilr 3 a u  ~ X L  CTSIVC En sediment esncentra.t%on, The composite made up 

i t f j r )wi1(~;2r r i  rmd I X ~ I J D S " ( ~  f r a c t i o n s  would provide a mean sample i n  which 

"it , l o  , ~ ? c ~ ~ ) P I c  \ I  " +ccrad Lo compensate, Because t h e  degree t o  which t h e  
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upward and downward po r t ions  of  t h e  sample compensate i s  n o t  known, t h e  

maximum al lowable r e l a t i v e  t r s n s i t  rates recopmended a r e  0.50 and 0.25 

f o r  t h e  3/16-in.  and l / e - i n .  nozz l e s ,  r e s p e c t i v e l y .  F i g .  2 C seems t o  

i n d i c a t e  t h a t  t h e  D-43 sampler may be operated a t  h ighe r  r e l a t i v e  t r a n s i t  

r a t e s  f o r  t h e  same s i z e  nozzle  than  may the  P-46s i f  t h e  l a t t e r  i s  oper -  

a t e d  i n  one d i r e c t i o n  only .  The d i f fe rence  i s  more pronounced f o r  t h e  

3/16-in.  nozz le .  

B Trans i t  r a t e - - F i g .  3 A shows t h e  r e l a t i o n  of t h e  In take  

r a t i o  &o t h e  v e r t i c a l  ( ad jus t ed  l i n e a r )  t r a n s i t  r a t e  a t  h o r i z o n t a l  ve loc -  

i t i e s  of about 12 f t .  p e r  s e c .  The co r rec t ed  v e l o c i t i e s  range up t o  

about 13  f t .  p e r  s e c .  ope ra t ing  upward and down t o  about 10.5 f t .  pe r  

s e c .  opera t ing  downward. There seems t o  be a  tendency f o r  t h e  in t ake  

r a . t i o s  t o  increase  s l i g h t l y  w i th  t h e  t r a n s i t  r a t e .  This i s  e s p e c i a l l y  

no t i ceab le  when t h e  sampler ope ra t e s  downward. 

F i g .  3 R s h ~ w s  t h e  r e l a t i o n  of  t h e  in t ake  r a t i o  t o  t h e  v e r t i c a l  

t r a n s i t  r a t e  a t  h o r i z o n t a l  ve loc i . t i e s  of  about  9 f t .  p e r  s e c .  The c o r -  

r e c t e d  v e l o c i t i e s  range up t o  about  9.6 f t .  pe r  s e c .  ope ra t ing  upward 

and dam. t o  about  8.3 f t .  p e r  s e c .  ope ra t ing  downward. The r a t i o s  f o r  

9 f t .  p e r  s ec .  a r e  seen t o  be ve ry  s i m i l a r  t o  those  f o r  12 f t .  per  s ec . ,  

except  t h a t  t h e  curve f o r  t h e  3/16-in.  nozzle  does not  p l o t  a s  f a r  t o  

t h e  r i g h t  a t  t h e  h igher  t r a n s i t  r a t e s .  Data f o r  t h e  D-43 sampler ap-  

proximate t h e  average obta ined  by combining t h e  f igu res  f o r  upward and 

downwa.rd t r a v e l  o f  t h e  P-46s sampler.  

The p o i n t s  shown f o r  t h e  P-46s a t  0 . 0  t r a n s i t  r a t e s  were determined 

i n  flowing water  a t  about 70' F. These a r e  no t  a p a r t  of t h e  da t a  from 

t h e  David Taylor Model %s in ,  b u t  a r e  from t e s t s  made a t  t h e  S t .  Anthony 
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F a l l s  Hydraulic Laboratory of t h e  Univers i ty  of Minnesota, a t  Minneapolis,  

Minnesota. S imi l a r  d a t a  appear  on 9he two fol lowing f i g u r e s .  There i s  

c l o s e  agreement between t h e  d a t a  obta ined  i n  flowing water  and t h a t  i n  

s t i l l  wa te r ,  

F i g .  3 C shows t h e  r e l a t i o n  of t h e  in t ake  r a t i o  t o  t h e  v e r t i c a l  

t r a n s i t  r a t e  a t  h o r i z o n t a l  v e l o c i t i e s  of about  6 ft.  p e r  s ec .  The c o r -  

r ec t ed  v e l o c i t i e s  range up t o  about  6.2 f t .  p e r  s ec .  ope ra t ing  upvard 

and down t o  about 5 .7  ft. p e r  s e c .  ope ra t ing  downward. !The r a t i o s  f o r  

t h e  3116-in. nozzle  a r e  much l i k e  those  a t  9 and 12 f t .  p e r  s e c .  How- 

eve r ,  f o r  t h e  118-in.  nozz le  t h e  in t ake  r a t i o s  of  t h e  P-46s when oper -  

a t i n g  downward show a  sharp  break t o  t h e  r i g h t  s l i g h t l y  above a t r a n s i t  

r a t e  of 1 .0  f t .  p e r  s ec .  The D-43 i n t a k e  r a t i o s  a r e  c o n s i s t e n t l y  about  

2  percent  h ighe r  t han  t h e  average of t h e  upward and downward t r a v e l  o f  

t h e  P - 4 6 ~ ,  y e t  t h e  D-43 rat i .os  show a  s t r i k i n g  s i m i l a r i t y  t o  t h e  a v e r -  

age o f  t h e  upward and downward r a t i o s  of t h e  P-46s. 

A s  i n  F i g .  3 R, t h e  d a t a  c o l l e c t e d  i n  f l ~ w i n g  water  and i n  s t i l l  

water  a r e  i n  good agreement a t  t h e  0 . 0  t r a n s i t  r a t e .  

F i g .  3 D shows t h e  r e l a t i o n  o f  t h e  in t ake  r a t i o  t o  t h e  v e r t i c a l  

t r a n s i t  r a t e  a t  h o r i z o n t a l  v e l o c i t i e s  o f  about  3 f t .  p e r  s e c .  The ve-  

l o c i t y  co r r ec t ions  on t h i s  f i g u r e  a r e  q u i t e  small .  Statements  concerning 

t h e  l / e - i n .  nozzle  a t  h o r i z o n t a l  v e l o c i t i e s  o f  6 ft. p e r  s ec .  apply  about  

a s  w e l l  t o  t h e  3116-in. nozz le  a t  h o r i z o n t a l  v e l o c i t i e s  of  3 f t .  p e r  sec. 

A t  3 f t .  p e r  s e c .  a t r a n s i t  r a t e  a s  low a s  1 .0  f t .  p e r  s ec .  i s  t o o  high 

f o r  t h e  118-in.  nozzle .  

The in t ake  r a t i o s  obta ined  i n  water  flowing a t  3 f t . -  p e r  s e c .  a r e  

d i f f i c u l t  t o  compare wi th  those  from t h e  t e s t s  i n  s t i l l  water  a t  t h e  



73~e cuzr;es b s e d  on the  %ode1 B s i n  data d s  at?$ l end  them- 

% { "  D G $ U ? - ~ $ ~ \  dm?av&rd e*maion %s a tmnsit rate o f  8.0. Hot!- 

cmpn ~ l ~ i m  between the t w o  tries sf' da$a appears reasmable . 
rYgxrse$ iIlluslmting ~ b t % v e  tmnal t  m"% effects for hor izon ta l  

1~ ,30 ' ,16  i e s  sf b ft, per see. were net p ~ p a r e d  as they wauld show only 

5 ri7 9 i '- *;m t,r?mk,it rates which exceeded allavable l imits,  A s tudy  o f  

snd 6 will ver i fy  t b i a  w d  agaia ~ u p p t " ~ ~  the canelus isas  can- 

: c r i ~ h b e  ~ ~ % o t i r r e  tmwkt s as presented under & s f  this 

?P 3 . la A S$OT&T& t he  raala%ioaa s f  the h W e  mtis to Lbe v e r t i c a l  

; , I ~ I D ~ ~ T  w i t h  R 3/~6-$n .  mzzle operating do\mward. me 

*. 13 r lp?~9mm~nL dKth pre~f ime  a b ~ e m t i o g 8  on r e l a t l w  t . e r~ns i t  

i YmI l f i  La" O A  vnich the intake =%$a relslafns eseentially u n i t y .  The 

5 4 1% appears tha t  for  horizm-1 v e l x i t l e s  o f  fi. 

f Bt r s ~ P e c L l m e  were p s s i b l y  Lw gmst, 

'4 q, 4 ~ r-hcn~a %he r c h t i o n  of the i n w e  ra$b to %be verLicab 

r-4-e ~3,s pa, wpam%e a m e  f o r  eacb grwp sf bsizm.t;al velacit . ~ c s  

i13-b6~ samp%~.r w i t &  a 3/16-ia nozzle opemting upward, The 

--:*;.t n? big he^ Lransl-8: rates i s  again a ~ r m t .  mere %B a .tend- 

) 3% i o s  3s Wrease vben hi& b z p l z o n ~ d .  velocities 

- t 7[\b1j%38 ? j%h hi@?% L m s i t  rates. The mst critical $rend i~; toward 

+ *.-I~?~~TTI@L:T ltw k t a k t  mtim at c e W &  ca&ha%iotnt; of' tmnsit m%es and 

1 -"' "rtxs-ts i veb?Pxl. 3e.s me in.8"smtim wUw%ed i s  a e i t k r  su f f i c i en t  

i c i i i  9 * i , 4  * g  nor ~ n s L s t e n t  enou& to  ~ I e a r I y  define basis wgbatiansbips . 
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The r e l s t i v e  t r a n s i t  r a t e  may be the  be s t  index of the  change in  intake 

r a t i o s  for  in tegra t ion upward, but the re  i s  ce r t a i n ly  some doubt on t h i s  

point .  The limits indicated under t he  discussion of Fig .  2 B a r e  s t i l l  

appl icable .  However, the re  is a  de f i n i t e  p o s s i b i l i t y  t h a t  higher l i m i t s  

on the  r e l a t i ve  t r a n s i t  r a t e  could be es tabl ished f o r  hor izonta l  veloci -  

t i e s  ~f 6 f't. per  sec .  and over. 

F ig .  5 A shows t he  r e l a t i on  of the  intake r a t i o  t o  the v e r t i c a l  

t r a n s i t  r a t e  as  a  separate curve f o r  each group of hor izonta l  ve loc i t i e s  

f o r  the  P-46s sampler with a  1/8-in. nozzle operating downward. This 

f igure indicates  t h a t  r e l a t i ve  t r a n s i t  r a t e s  greater  than about 0.20 

should not be used for  normal downward sampling with the  1/8-in.  nozzle, 

which means maximum t r a n s i t  r a t e s  of 1 .2 ,  1.8, and 2 .4  f t .  per sec .  f o r  

hor izonta l  ve loc i t i e s  of 6, 9 ,  and 12 ft. per sec . ,  respect ively .  The 

intake r a t i o s  fo r  hor izonta l  ve loc i t i e s  of 12 f t ,  per  sec .  a r e  somewhat 

h i &  and tend t o  be higher f o r  t he  f a s t e r  t r a n s i t  r a t e s .  The correc- 

t i ons  t o  the  3bserved data f o r  12 ft. per  sec .  may have been s l i g h t l y  too 

l a rge .  

F ig .  5 B shows the r e l a t i on  of the  intake r a t i o  t o  the  v e r t i c a l  

t r a n s i t  r a t e  a s  a  separate curve f o r  each group of hor izonta l  ve loc i t i e s  

f o r  t he  P-46s sampler with a  1/8-in. nozzle operating upward. The data 

show t h a t  a  t r a n s i t  r a t e  of 1 .0  ft. per  sec. i s  too great  fo r  normal sam- 

p l ing  a t  hor izonta l  ve loc i t i e s  of  1 and 3 f t .  per  sec .  A t  hor izonta l  ve- 

l o c i t i e s  of 6 and 9 f t .  per  sec.  t he  intake r a t i o s  of  the  1/8-in. nozzle 

decrease with increasing t r a n s i t  r a t e s .  

F ig .  6 A shows the  r e l a t i on  of the  intake r a t i o  t o  t he  v e r t i c a l  

t r a n s i t  r a t e  a s  a separate curve f o r  each group of hor izonta l  ve loc i t i e s  
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f o r  the  D-43 sampler with a 3/16-in. nozzle. Since the  D-43 sampler i n t e -  

gra tes  i n  both d i rec t ions ,  each observation i s  a combination of the  r e -  

s u l t s  of an upward and a downward in tegrat ion a t  approximately uniform 

speed. The data support previous observations concerning the  e f f e c t  of  

t r ans  it r a t e  on intake r a t i o .  

Fig.  6 B shows t he  r e l a t i on  of the intake r a t i o  t o  the  v e r t i c a l  

t r a n s i t  r a t e  a s  a separate curve fo r  each group of  hor izonta l  ve loc i t i e s  

f o r  the  D-43 sampler with a 1/8-in,  nozzle. The r e l a t i on  between in take 

r a t i o  and t r a n s i t  r a t e  is  c l ea r l y  a function of the hor izonta l  veloci ty .  

Fig.  7 shows a check ca l ib ra t ion  of the  P-46s sampler conducted a t  

the S t .  Anthony F a l l s  Hydraulic Laboratory of the  University o f  Minnesota. 

This ca l ib ra t ion  w a s  made subsequent t o  the  t e s t s  a t  the  Model %sin .  

The data were obtained i n  flowing water a t  a temperature of 70 t o  71' F. 

If the  temperature of the  water had been the  same a s  t h a t  a t  t he  Model 

Basin, both curves would have p lo t t ed  very s l i g h t l y  t o  the l e f t  of  t h e i r  

present posi t ions .  
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Section 11 41 

I V .  CONCLUSIONS 

11. --The samplers 

used i n  these t e s t s  were cal ibra ted i n  flowing -dater. The instruments 

were adjusted t o  give intake r a t i o s  of about 1.00 fo r  the  3116-in. noz- 

z les  and 1.05 fo r  the 118-in. nozzles a t  the  temperatures of these t e s t s  

and i n  the  ve loc i ty  range between 3 and 6 ft. per  sec.  The intake r a t i o s  

obtained by towing the  samplers i n  s t i l l  water agree c losely  with those 

expected from the  ca l ib ra t ion  of the  samplers. Also, the  r e su l t s  i n  

s t i l l  and i n  flowing water, a s  shovn i n  Fig .  3 B, C ,  and D ,  a r e  i n  close 

agreement. Within the  scope of these t e s t s  no apparent difference i s  

indicated between t he  intake act ion of the  samplers when towed through 

s t i l l  water o r  suspended i n  flowing water. 

12. Maximum allowable t r a n s i t  rates--If  an intake r a t i o  of un i ty  

indicates proper sampling act ion,  t he  following r e l a t i ve  t r a n s i t  r a t e s  

a r e  allowable fo r  t he  conditions of the  t e s t s  a t  t he  Model Basin. 

: Type of : Nozzle : DirecLi~n  of : M a x i m  Relative : 

: P-46s : 3/16" : downward : 0.45 

: P-46s : 3/16" : upward : 0.35 

: P-46s 1/8" : upward : 0.30 

: D-43 : 3/16" : round-trip : 0.50 
e 

:. " D-43 : 1/8" : round-trip : 0 .25 

The n i a x i m  r e l a t i ve  t r a n s i t  r a t e s  allowable fo r  downward in tegra-  

t i on  as shown by t he  t ab le  a r e  high enougb t:, involve s l i g h t ,  but not 



e : r ' ~ ~ i w r :  ~!.nde:u" gene ra l  sampling condi.t ions.  For very shallow 

"i;ii~:i..~,tr"r,i~:ii,3 fi.gures of 0.39 a.nc1 0*3.7 for the 3/l .6- in0 and 

~*i ;a l ;ec~: t~v-e~y,  should be observed, and t he se  t h e o r e t i c a l  

: i 3 * r 3  ni!-!>:-;i:nm.t;.ia"t;ed by t he  "c;& data.  For  very  t u i b u l e n t  streams 

: t i ,  :i.!.i.o:in.?i_i,c: %;ransi,"i;rrztes for non-turbulenl  Plow my. be a  few percent  

ijO(; ; ~l,.T.~r,.~o ,.. . i r ?,nscd d'i.naect 1.y upon t h e  8vesa .g~  veloc i . ty o f  the t u r b u l e n t  

il t r a n s i t  r a , t e s  arc determined by ~ o n d i t ~ ~ o n s  

Grea ter  r e l a t l . v e  t r t z n ~ i t  s a t e s  are a.1 kor.7- 

.~..;~l.;it; i :7c: t , rnns i t  r a t e s  al.lgwn.b%e f o r  upward I.ntei:ra"r;on 

::,:: ,.3:*Li: i.i:c:.:l y ('!i)j'inc\(l a:; those  f o r  dot.!nward in-i,egraf .; . x i  . '['hi, 

1;:/ ;. at irc:ly d l f f e r c n t  f a c t o r s .  T!Plc>re> .i:; n o  :i,.txd;. - 
i ) , . .  >$,., . i .lfli,t,:. .., , ., OD 'up~.~tj. rd 'lnt~grat ion vary ~ ~ ' i ' t h  

.;Is-om one -tray ira-tegration In ej %her  cli r 'ecti  cn, 

, ,  O. , i  f o r  ,the 3/16-in.  nix,z].e and i ) -3  fo.i- t i p  

:I i..i,~,,/-!'l.:Lc under $;lie condi t ions  v-E" I."?i..sf. f:cf;"i:i . 

rz,..b -j c) z: (.. ..j -<- .J ciie I D-4.3 a t  these higher relative. t ra .ns i . t  

~::~:.jji)s@d of a lgw r a t i o  for  u ~ x a s d  i n t e g r a t i o n  

do.i..rrtiliord i n t e g r a t i o n ,  so t h e  recommended mxianum 

e sampLing a r e  0.5 and 0.25,  r e spec t ive ly .  The 

:;ij;:il.l 3 :!TI? g \l:,-.d a f t e r  n g l  i m i e ~ t i g a , t  ?.c \T~ nf ~ > . ~ t u a l  con- 

t,h:::V, t116. grra.tc.r l i m i  :,:; b r i l l  i n t roduce  no s e r i o u s  e r r o r s  

~ 1 p l ~ b 3 -  ; ; , ~ ; T < ~ J ~  i.:; ,;-;:umfit;an(:p,', . 
'1,:j.. !-~2?2-2;L.:t;io-p o:f' resix1.t~--These t e s t s  i n d i c a t e  t h a t  round- t r ip  

t,:!,iii,j L.i~-ii: -(;ri;41 l;:ti~. P.-~-L&; \r3111"d give t h e  same r e s u l t s  as t r i th  t h e  D-43. 



The P-46s would be b e t t e r  adapted fo r  use i n  high ve loc i t i e s  because i t s  

grea te r  weight tends t o  reduce the  amount of downstream d r i f t  of' the  sam- 

p l e r .  There i s  no evidence t h a t  data obtained with the  P-46s a r e  not  

representat ive of the  act ion of the  D-43 sampler under s imi lar  condit ions 

of  one-way in tegrat ion.  

A l l  conclusions s t a t ed  here in  a r e  based on the  corrected r e l a t i ve  

t r a n s i t  r a t e s ,  and should not  be applied without regard t o  correct ions  

necess i ta ted  by downst~eam d r i f t  of the sampler. In t h i s  invest igat ion 

the  r e l a t i ve  t r a n s i t  r a t e  represents the  r a t i o  between the  v e r t i c a l  and 

hor izonta l  movements of the  sampling instrument in  a v e r t i c a l  plane con- 

t a i n ing  the  point  of suspension and t he  samples. When corre la ted t o  

stream sampling operations, the  r e l a t i ve  t r a n s i t  r a t e  represents the  

r a t i o  of  the  v e r t i c a l  movement of the  sampler t o  the ve loc i ty  of t he  

stream a t  t he  sampling point .  

F igs .  8, 9, and 10 a r e  presented i n  an attempt t o  make t h i s  infor-  

mation on l imi t ing  t r a n s i t  r a t e s  more read i ly  applicable.  The shape o f  

the  v e r t i c a l  ve loc i ty  curve i n  a stream has a  major influence on the  

t r a n s i t  r a t e s  which may be used. En Fig. 8 two types of ve loc i ty  d i s -  

t r i bu t i on  with depth a r e  shown. One is a  "normal" veloci ty  d i s t r i bu -  

t i o n ,  the  other  i s  a uniform d i s t r i bu t i on  i n  which the  ve loc i ty  i s  t he  

same from the  surface t o  t he  stream bed, corresponding t o  t h e  t e s t  con- 

d i t i ~ n s  a t  t he  Model Basin. Most streams w i l l  have a d i s t r i bu t i on  ap- 

proximating t he  normal d i s t r ibu t ion  o r  somewhere between t he  two. 

Limiting t r a n s i t  r a t e s  i n  t e rn s  of the  r e l a t i on  t o  the  mean ve loc i ty  

of' the  stream are presented i n  F igs .  9 and 10. These a r e  shown a s  f'unc- 

Lions of the depth o f  the  stream f o r  two types of  veloci ty  d i s t r ibu t ion ,  
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and f o r  both %/16-in. and f /8- in .  nozzles. The minimum v e r t i c a l  t r a n s i t  

r a t e s  were determined by bas ic  sampling c r i t e r i a  and a r e  the  same a s  pre-  

sented an3 explained i n  Report No. 6. The maxhmm t r a n s i t  r a t e s  l i s t e d  

i n  Section 12 were applied t o  obtain allowable downward t r a n s i t  r a t e s  f o r  

various stream depths. !These maximum t r a n s i t  r a t e s  a r e  not t h e  t h e o r e t i -  

c a l  l i m i t s  beyond which e r r o r s  may begin t o  appear, but a r e  r a t h e r  the  

r a t e s  beyond which t h e  e r r o r s  might become ser ious  i n  routine sampling. 

F ig .  9 presents  t h e  l i m i t i n g  t r a n s i t  r a t e s  f o r  round-tr ip in tegra -  

t i o n  on t h e  b a s i s  of t h e  t e s t s  at  t h e  David Taylor Model Basin. Rates 

f o r  round-tr ip in tegra t ion  a r e  more l i b e r a l  than f o r  one-way in tegra t ion  

due t o  compensation of e r r o r s .  The l i m i t i n g  r a t e  of ha l f  the  mean stream 

ve loc i ty  is  f o r  rou t ine  sampling with t h e  3/16-in. nozzle. I n  very pre-  

c i s e  work with a  3/16-in. nozzle, maximum round-trip t r a n s i t  r a t e s  g rea t -  

e r  than 0.35 of t h e  mean stream ve loc i ty  should not  be used without p r i o r  

inves t igat ion of t h e  e r r o r s  involved i n  any s p e c i f i c  case.  

F ig .  10 shows t h e  l imi t ing  t r a n s i t  r a t e s  f o r  upward and downward 

inztegration i n  one d i rec t ion .  For upward in tegra t ion  i n  a  stream with 

noranal v e r t i c a l  ve loc i ty  d i s t r i b u t i o n ,  t h e  t r a n s i t  r a t e s  shown w i l l  be 

excessive f o r  t h e  lowest one-tenth of the  depth, but  i n  general  t h i s  

should not involve ser ious  e r r o r s  i n  rout ine  sampling. 



$4, Tes t  data-The data collected and computed from the David 

Taylor Eocle2 Basin t e s t s  m e  shovm in Tables I t o  4. !I%ese data m r e  

discussed i n  Sections 7 and 8, 

--& bar over the top  of l e t t e r s  designating 

a specif ic  colwnn indicates tha t  only average figures w r c  computed. 

S~tpcrscript 1. Dri f t  figures are  the difference in f e e t  betmen 

%he horizionta3. distances traveled by the carriage and sampler durbg 

t&e l i n g  tine. 

S'tpper3cript 2, P f  the resistance of the water t o  the passage of 

%he e q a p w n l  defiects the ension l i n e  from the vqrt ical ,  the 

smler w i l l  b5 submrged a l e s se r  d ia l a l ee  t h  indicated by the 

b g  depth, %his reduction jn depth of submergence f o r  

ing d q t h  constitutes %he ing depth correction 

i n  fmt ,  

Superscript 3, C o l m  P WEB obtahed  by miltiplying f igures  i n  

column 0 by 0,18a7 f o r  the 3/%&in. nom1e and bg Q,U% f o r  the 

1/8-in, nomle, 
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